Surgical details are given of a reliable and simple technique for autografting rabbit kidneys which have been preserved by different methods. In a trial series of 20 autografts, 16 rabbits, supported by 1 grafted kidney alone, survived beyond 4 months and were then killed and autopsied. The results are compared with trials using other operative techniques. KANINCHEN NTERENAUTOTRANSPLANTATION ALS MODELL FUR ORGANAUFBEWAHRUNG Es werden chirurgische Einzelheiten angegeben tiber eine zuverliissige und einfache Methode zur Autotransplantation von Kaninchennieren, welche auf verschiedene Weise preserviert wurden. In einer Versuchsserie von 20 Autotransplantationen blieben 16 Kaninchen, die mit nur einer transplantierten Niere ausgestattet wurden, tiber 4 Monate lang am Leben, und wurden dann getOtet und einer Autopsie unterzogen. Man vergleicht die Resultate mit Versuchen, in denen andere operative Methoden angewandt wurden. AUTOGREFFES RENALES SUR LE LAPIN COMME MODELE DE PRESERVATION DES ORGANES On donne des details chirurgiques d'une technique dependable et simple pour l'autogreffe des reins de lapin qui ont ete preserves par des methodes differentes. Dans une serie d'experiences de 20 autogreffes, 16 lapins maintenus par un seul rein greffe ont survecu au dela de 4 mois et furent ensuite tues et autopsies. Les resultats sont compares avec des experiences employant d'autres techniques chirurgiques.
where the organ selected could be removed for long periods and then returned for viability assay in the same host. To date, rat hearts have been used for perfusion studies and subsequent function has been demonstrated (CaIman & Bell, 1971; Hobbes & Higgins, 1969) whilst rat kidneys have been perfused with cryoprotective agents and frozen for short periods (Carruthers, Clark, Anderson & Parsons, 1969; Keeler, Swinney & Uldall, 1966) . However the use of rat organs has serious limitations for preservation studies. The rat kidney is so tiny, compared with the human, that cooling and rewarming rates and diffusion of solutes during low-temperature storage are likely to be grossly different. Mere handling of a tiny organ is difficult in that cannulation of the artery for perfusion may cause damage; measurement of weight gain, oedema and uptake of cryoprotective agents present their own problems when working on such a miniature system. The rabbit kidney was therefore chosen as the ideal organ both on the score of size and low cost.
An orthotopic renal autotransplant system was developed to give a high degree of long-term survival of the rabbit dependent for life on the graft alone. This is reported in detail. Different methods of vessel anastamosis are discussed as are methods of urine drainage from the kidney to the bladder.
MATERIALS AND METHODS

Animals
Hybrid albino rabbits weighing 3.5-4.5 kg were used in all trials. Animals were held separately in cages with an open grill bottom; faeces and urine collected in a tray of sawdust underneath so that the daily output after operation could be easily observed. A commercial pelleted ration was supplemented by greens and carrots and water was supplied ad libitum.
Anaes thesia
The rabbits were lightly anaesthetised whilst clipped and prepared for operation using either 60 mg/ml pentobarbitone sulphate (0.5 ml/kg bodyweight 'Nembutal'; Abbott Laboratories Ltd, Queenborough, Kent) injected via the lateral ear vein, or a neuroleptanalgesic mixture of fentanyl citrate and fluanisone (0.4 ml/kg bodyweight 'Hypnorm'; Crown Chemical Co. Ltd, Lamberhurst, Kent) given intramuscularly. Anaesthesia was maintained by inhalation of 50:50 mixture of oxygen and nitrous oxide passed at I litre/min over halothane to deliver a 2 % concentration. Standard apparatus fitted with a 2 litre rebreathing bag and Heidebrink valve was employed, and the gas mixture was administered via a small open rubber mask or a 3 mm uncuffed endotracheal tube. This anaesthesia gives good relaxation without the disastrous respiratory depression sometimes experienced in rabbits during long continuous administration of barbiturate agents. In the event of res-piratory crisis, the system can be flushed with oxygen and the lungs inflated by squeezing the rebreathing bag until spontaneous breathing recommences. Halothane appears to be well tolerated for periods of continuous administration up to 6 hours provided the rabbit is kept heated, and there is no evidence that this agent is toxic to kidney tissue. Ether, which has the advantage of being excreted via the lungs, is so irritant to the respiratory tract, even with the mandatory premedication with atropine sulphate, that rabbits are frequently left with a chronic rhinitis after its use. Methyoxyflurane has been reported to depress the blood pressure in rabbits so severely that renal damage ensued after only 4 hours administration (Collins, Bravo-Shungerman, Novom & Terasaki, 1969) .
The rabbits were kept throughout the procedure on a stainless-steel heated surface supplying heat over the whole length of the outstretched animal and thermostatically controlled at 38°C. By taking great care in maintaining body temperature and total body fluid, deaths at the time of operation have been completely eliminated.
Operative technique
The right kidney lies well anterior in the rabbit, and is overlaid by the right lobe of the liver. The renal vessels are invariably short so making anastamosing on this side difficult.
Hence this kidney was used as donor organ and, after being subjected to a variety of experimental procedures, was transplanted orthotopically on to the left kidney renal vessels. After normal aseptic preparation, the animal was taped out on its back by forelegs only and covered by sterile drapes.
A midline incision was made. For the simple crossover graft here described the recipient side was prepared first. The intestines were carefully wrapped in thick gauze swabs soaked in normal saline at 37°C and the mass was placed in a sterile polyethylene bag. The inside of the bag was kept moistened and warm by means of normal saline at 37°C throughout the operation.
The considerable bulk of intestine could then be passed from right to left outside the laparotomy as required.
It was kept level with the incision so that the blood supply was not impeded.
The left kidney was gently mobilised, the renal vessels dissected clear of all peritoneum and fat for 10 mm from the kidney hilus, and likewise the ureter was cleared for 5 mm. Small artery clamps, the jaws of which had been covered in soft silicone rubber, were placed, first on the artery, then on the vein. The renal vessels were sectioned to leave a free stump of 10 mm and the ureter was cut as close to the hilus as practicable.
The stumps of both vessels remaining in situ were immediately washed clear of all blood by gently inserting 0.305 mm diameter (30 gauge) round-ended metal cannula along the lumen and flushing out with a solution of 500 iu heparin in 2 ml physiological saline.
A modified Blakemore cuff-ligature (Blakemore, Lord & Stefko, 1942) technique was used to anastamose both renal vessels. Thin-walled polyethylene tubing was used, and lengths of different bore (PP 205, external diameter 1.9 mm, for arteries, and PP 204, e.d. 2.2 mm, for veins; Portex Ltd, Hythe, Kent) were sterilised ready for selection when the size of vessels could be accurately assessed. 2 cuffs were plepared, both 5 mm in length and each with 2 holes pierced 180 0 apal t close to one end of the cuff. 2 holding sutures were placed in the free end of the artery stump using 0.5 mm diameter (7-0 gauge) atraumatic silk sutures and the knots were drawn so as to leave some 60 mm of silk still attached to the needle and about 10 mm of silk still free (Fig. 1 The sutures were passed through the cuff lumen and then along the outside of the cuff and through the prepared holes. The artery was eased through the lumen and the end everted over the cuff. This was greatly facilitated by tying the first part of the knots with a triple throw and taking up any slack in the holding sutures as the artery was everted; finally as the artery was drawn over into position the knots were completed (Fig. 2 ). This Plocedure was exactly repeated on the vein. The recipient side was ready for the graft.
The right kidney was mobilised taking care to avoid damaging the adjacent liver surface. The renal vessels were ligated separately as close to the posterior vena cava and dorsal aorta as possible to gain maximum length. They were then cut. The ureter was cut 20 mm from the kidney. As soon as the organ was removed from the abdomen it was wrapped in iced saline packs, the artery 
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was cannulated, and slowly perfused with 30 ml of 0.9 % saline containing 500 iu of heparin at 4°C. The kidney was thus rapidly cooled and lesidual blood which might block intrarenal vessels during a warm ischaemic phase was washed out. Where it was to be used for preservation studies, the kidney was removed for varying periods.
Up to 2 hours, the rabbit could be left open and anaesthetised, but for a longer duration it was found safer to close the laparotomy and allow the animal to recover.
2 holding sutures to correspond with those on the recipient side were now placed in both donor artery and vein, and a length of 20 mm left on each. The kidney, still wrapped in cold saline swabs, was positioned so that the ends of donor and recipient vessels were close together.
The first half of a knot was tied (Fig. 3) , and the donor artery slipped over the cuff preparation and retained by the holding sutures.
A circular ligature was tied around to complete the anastamosis (Fig. 4) . The vein was joined in the same way. Clamps were removed, vein first, then artery, and an immediate flush of the kidney followed.
Urine was seen to flow from the cut end of the ureter within 2 min of clamp release. Total ischaemic time, excluding preservation period, was about 15-25 min.
The vascular anastamoses were completed under strong directional white light and aided by a binocular loupe giving 2.5 times magnification.
The ureteric drainage was achieved by an end-to-end anastamosis using 0.25 mm (8/0) virgin silk atraumatic sutures over a polyethylene stent. To do this really satisfactorily an operating microscope at 6 X magnification was used. A 20 mm length of tube (Portex PP90, external diameter 1.27 mm; Portex Ltd), cut with ends only slightly bevelled, was pushed into the cut end of the donor ureter until seen to just enter the pelvis. The recipient ureter was then eased over the opposite end of the tube. The ureter length was adjusted so that it lay as a straight tube when reconstructed but without any tension tending to pull the cut ends apart.
The thin ureteral wall was joined initially by 8-12 interrupted sutures and then the peritoneal layer was anastamosed overall with 6-8 sutures (Fig. 5 ). Finally peritoneum was joined over the kidney surface by 2 sutures to hold the kidney in position and prevent it rotating about its pedicle. The abdomen was closed by means of 2.5 mm (2/0) chromic gut sutures placed at 5 mm intervals and the skin closed by interrupted mattress sutures using 2.5 mm (2/0) braided silk.
RESULTS
In the most recent series of 20 renal autografts when the above technique was employed without preservation, 16 rabbits survived more than 4 months before being sacrificed and autopsied. At that time they were all in good health. Blood urea and creatinine levels varied within the group: most showed a rise from a normal mean of 40 mg/lOO ml urea to a peak of about 150 mgl 100 ml on the 3rd or 4th day after operation, then returning to normal by the 7th day. Creatinine levels started at a mean of 1.6 mg and rose to about 4.0 mg before returning to normal. The kidneys were found at autopsy to be slightly hypertrophied and frequently covered in gross adhesions. The stent had invariably passed along the ureter to the bladder end in the long-term survivors. Histology was normal and compared favourably with earlier grafts using other techniques. No thromboses were evident in the renal vessels.
Of the 4 transplants which were unsuccessful, 2 rabbits died on the 5th and 7th day respectively from septicaemia, despite oral therapy with tetracyclines. A 3rd rabbit developed a flaccid paralysis and faecal incontinence and was destroyed on the 9th day. In these 3 rabbits, blood urea levels rose above the 200 mg/iOO mllevel and remained so until they died. The 4th rabbit appeared to progress but suddenly died at the end of 3 weeks. The kidney was grossly enlarged, hydronephrotic and the ureter blocked by the stent covered by calculus: the blood urea level had returned to normal by the 7th post-operative day, but had risen steadily from the 16th day until the rabbit died.
ALTERNATIVE TECHNIQUES AND RESULTS
Renal vessels
Our earlier allotransplants and autotransplants were performed using endto-end anastamoses on both renal vessels by suturing with 0.25 mm (8-0) virgin silk. The artery was relatively simple but the vein was very fragile and required a large number of sutures around the suture line. It was done successfully under an operating microscope using 10 X magnification, but the method was abandoned when it was found impossible to reduce the ischaemic time below 50 min. Venous thrombosis complicated results in 12% of cases.
The technique published by Owen, Slome & Waterson (1967) was also studied. Ischaemic time was reduced to a minimum but, again, venous thrombosis was too great a hazard, despite the use of systemic heparin and local reversal by means of protamine sulphate applied to the outside of the anastamosis.
End-to-side anastamosis was described by Lund (1970) with a high technical success rate, but as this appeared to have no obvious advantages over the techniques discussed above, no trial of the method was attempted.
These methods were found unsatisfactory in giving good long-term viability, and were abandoned in favour of the cuff-ligature method already described.
Ureteral drainage
The problem of ureteric drainage in rabbits and rats, particularly where long-term survival has been required of the experimental model, has been discussed by several authors (Daniller et al., 1968; Heron, 1970; Lund, 1970) .
Hydronephrosis
is a common sequel to standard techniques. It has even been suggested (Heron, 1970) that simple dissection of the renal vessels and ureter from an otherwise undisturbed kidney can lead to failure, with hydronephrosis as a sequel. However, in a trial on 10 rabbits, a right unilateral nephrectomy was performed, the posterior vena cava sectioned, and the renal vessels and ureter of the remaining left kidney carefully dissected.
All] 0 rabbits survived until autopsied at 10 weeks. The kidneys appeared histologically perfectly normal.
Using the autografted kidney and using the cuff anastamosis method as described above, 2 methods of uretero-cystotomy have been tried. The simplest is that described by Owen et al (1967) , but in our hands it failed to give consistent results, either leaking urine or alternatively stenosing and eventually blocking. Hydronephrosis occurred in 80 % of rabbits surviving beyond 4 weeks. The other method, whereby the ureter is led through a tunnel in the bladder muscle coats before the end is inserted through the mucosal layer, again had the disadvantage of a blockage forming as the bladder incision healed.
In a small trial 6 out of 10 blocked within 10 days, and the other 4 died by the end of 4 weeks with grossly enlarged kidneys.
The 'bladder patch' method, which is relatively successful in rabbit and rat allografts (Heron, 1970) is not suitable for autografts.
An attempt was made to replace the ureter altogether. A series of 6 rabbits underwent a right unilateral nephrectomy.
The left kidney, otherwise undisturbed, had a suitable length of soft polyethylene tubing passed via the ureter into the pelvis. The other end was passed via the ureter into the bladder and retained by a pursestring suture.
The rabbits passed urine and appeared healthy for 8-10 days, but then died of uraemia around the 12th day (± 2 days).
A similar experiment was done, this time merely sectioning the ureter 20 mm from the kidney, inserting a length of polyethylene tubing as a stent and holding the 2 cut ends over the tube by circular ligature only. The rabbits developed uraemia and died, as if bilaterally nephrectomised, after 4 days (± 2 days).
Simple end-to-end anastamosis of the ureter without a stent was also studied. 6 out of 10 rabbits survived and were killed for examination at 4 months.
The kidneys were all enlarged and histologically grossly abnormal; tubular atrophy was common to all, most showed varying degrees of cavitation, calyces were enlarged and whole areas of medulla were blocked by calcified tissue, yet blood urea levels had been normal.
Of the 4 animals which died, 3 had leaking ureteral anastamoses and the abdominal cavity was filled with fluid; the other was paraplegic and was destroyed.
In all 4 blood urea rose steadily to levels above 400 mg until death at 5 day.-(± 1).
DISCUSSION
Published techniques involving rabbits have been intended mainly for straightforward transplantation studies, where survival times have been relatively short: the requirements for a preservation model are somewhat different.
It was considered essential to develop an autograft system to avoid rejection phenomena, so that kidneys could be assayed for function over long periods.
As the kidney, on removal from the rabbit, is likely to be cannulated via the renal artery, either for flushing with a washout fluid or to be placed in a continuous perfusion circuit, it is likely that arterial intima will be damaged.
This would be dangerous if suturing techniques were employed for anastamoses, but when using the cuff ligature technique the problem is completely avoided, as is any possibility of haemorrhage.
In fact, thrombosis in either vessel has yet to occur in over 50 subsequent grafts. The recipient vessels can be prepared at leisure during the preservation period, and ischaemic time when the kidney is transplanted is extremely short.
The ureter length is kept to a minimum, as this will be subjected to the same preservation procedures (including freezing) as the kidney.
The endto-end anastamosis over a stent is clearly not perfect, as the tubing has a tendency to block with the particulate material normally present in rabbit urine and so to provide a focus for calculus formation: this probably accounts for most of the technical failures.
Even so, it was found to be far more reliable than standard uretero-cystotomy techniques. The renal autograft technique reported has resulted in long-term survival in 80 % of rabbits supported by the grafted kidney alone. It appears that this is a suitable model for testing viability of kidneys following experimental preservation.
